Receiving negative social feedback can be detrimental to emotional, cognitive, and physical well-being, and fear of negative social feedback is a prominent feature of mental illnesses that involve social anxiety. A large body of evidence has implicated the neuropeptides oxytocin and vasopressin in the modulation of human neural activity underlying social cognition, including negative emotion processing; however, the influence of oxytocin and vasopressin on neural activity elicited during negative social evaluation remains unknown. Here 21 healthy men underwent functional magnetic resonance imaging in a double-blind, placebo-controlled, crossover design to determine how intranasally administered oxytocin and vasopressin modulated neural activity when receiving negative feedback on task performance from a study investigator. We found that under placebo, a preferential response to negative social feedback compared with positive social feedback was evoked in brain regions putatively involved in theory of mind (temporoparietal junction), pain processing (anterior insula and supplementary motor area), and identification of emotionally important visual cues in social perception (right fusiform). These activations weakened with oxytocin and vasopressin administration such that neural responses to receiving negative social feedback were not significantly greater than positive social feedback. Our results show effects of both oxytocin and vasopressin on the brain network involved in negative social feedback, informing the possible use of a pharmacological approach targeting these regions in multiple disorders with impairments in social information processing.
INTRODUCTION
Receiving negative social evaluation such as negative performance feedback, particularly by a superior, can conjure negative emotions and elicit social anxiety. Indeed, negative social feedback can affect mood, self-esteem, behavior, and physiology (Akinola and Mendes, 2008; Dickerson and Kemeny, 2004b; Mendes et al, 2008) , and even lead to negative effects on health in case of repeated or prolonged experience (Dickerson et al, 2004a) . Furthermore, the impact and power of negative feedback are often more potent than positive feedback (Baumeister et al, 2001) . Clinically, fear of negative evaluation is a prominent feature of social anxiety displayed in social anxiety disorder (SAD; Rapee and Heimberg, 1997) , which may be comorbid with other disorders such as autism spectrum disorder (ASD; Meyer et al, 2006) and depression (O'Connor et al, 2002; Wang et al, 2012) . It has also been associated with delusional ideation in schizophrenia (Kinoshita et al, 2011) .
Oxytocin and vasopressin-two structurally similar neuropeptides that are found in the human and mammalian brain-have both been considered potential treatment targets for social impairments and anxiety in clinical populations such as SAD and ASD due to their suggested role in social cognitive functions (Heinrichs et al, 2009) . Specifically, one proposed role of oxytocin and vasopressin is in the modulation of human behavior and neural activity related to negative socioemotional processing. Most consistently, an oxytocin-induced reduction of amygdala responses to negative-valenced social stimuli (eg, faces with negative affect) has been demonstrated in men (Domes et al, 2007; Gamer et al, 2010; Kirsch et al, 2005; Petrovic et al, 2008; Striepens et al, 2012) . Depending on the experimental task, however, oxytocin also influences neural activity in other brain regions, including temporoparietal junction (TPJ) (Domes et al, 2007) , ventral prefrontal cortex (PFC), fusiform (Petrovic et al, 2008) , and insula (Striepens et al, 2012) , suggesting that oxytocin's regional neural influence is context-specific. Such oxytocin-induced modulations of neural activity may underlie oxytocin's anxiolytic and prosocial effects in humans (Evans et al, 2010; Heinrichs et al, 2003; Kis et al, 2013; Kosfeld et al, 2005; Norman et al, 2011; Petrovic et al, 2008; Theodoridou et al, 2009) . Human vasopressin studies are less abundant; however, several investigations support opposing roles of oxytocin and vasopressin, with the latter being associated with aggression and anxiogenic behaviors (Ebstein et al, 2009; Thompson et al, 2004) . Accordingly, in men, vasopressin, as opposed to oxytocin, has been shown to increase amygdala (Brunnlieb et al, 2013) and ventral PFC (Zink et al, 2010) reactivity to negative socioemotional stimuli relative to placebo. On the other hand, studies have also revealed similar human neural influences of oxytocin and vasopressin. For example, both oxytocin (Domes et al, 2007) and vasopressin (Zink et al, 2011) decrease signal in the TPJ during implicit face processing, and both neuropeptides increase ventral PFC activity when cooperation is not reciprocated in an economic game (Rilling et al, 2012) . Together, these previous investigations of the neural influence of oxytocin and vasopressin in humans suggest that the brain regions affected are at least in part context-dependent, and context and/or affected brain regions have a role in determining whether oxytocin and vasopressin have opposing or similar neural influences.
To date, most of these studies have been performed using non-evaluative and non-self-threatening contexts (Gamer et al, 2010; Kirsch et al, 2005; Zink et al, 2011; Zink et al, 2010) . The influence of oxytocin and vasopressin on neural activity elicited during negative performance evaluation, a relatively more complex and self-relevant socioemotional context, remains unknown. Therefore, the goal of the current study was to determine whether oxytocin and vasopressin influence preferential neural responses to negative social feedback and if so, in opposing or similar directionality. Because of the potential clinical implications and the consequences of negative social feedback on well-being, it is important to determine whether the influence of oxytocin and vasopressin on neural activity during the processing of negative socioemotional stimuli demonstrated in previous studies extends to an influence on neural activity during negative performance evaluation. A better understanding of the role of these neuropeptides in modulating typical processing of negative social feedback may also provide valuable insights for treating social anxiety in clinical populations.
We investigated patterns of brain activity preferentially related to negative social feedback in our paradigm under placebo, oxytocin, and vasopressin. Under placebo, we expected that exposure to negative social feedback compared with positive social feedback would elicit greater activation of brain areas involved in emotional pain (Craggs et al, 2007) , social rejection (Eisenberger et al, 2003) , and theory of mind or judgment (Saxe and Kanwisher, 2003; Shamay-Tsoory, 2011) . Based on the role of oxytocin and vasopressin in modulating social cognitive processes, including negative emotions, we expected both neuropeptides to influence neural activity associated with negative social feedback.
MATERIALS AND METHODS

Task, Participants, and Procedure
A total of 25 healthy men (mean age 26.04 years, range 20-39 years; all right-handed except for one) participated in this double-blind, placebo-controlled crossover study. Data from four participants were excluded because of missing visits (N = 3) or technical problems (N = 1), leaving a sample size of N = 21 participants (all males; mean age 26.57 years, range 21-39 years). Screening procedures and inclusion/exclusion criteria are provided in the Supplementary Material and Methods. All participants gave their informed consent and were paid for their participation. The work was approved by the Institutional Review Board at the NIH.
All eligible individuals completed three scanning sessions, separated by at least 1 week. The procedure was the same for each session, whereas the drug administered differed. At each visit, participants self-administered a nasal spray containing oxytocin (24 IU total), vasopressin (40 IU total), or placebo under the supervision of a physician or nurse. These doses are similar to the doses that have been used in the previous studies (Evans et al, 2010; Zink et al, 2011) . Intranasal medication was administered through two puffs in each nostril (four puffs total), alternating nostrils between each puff and waiting 40 s between each puff (ie, right nostril one puff, wait for 40 s, left nostril one puff, wait 40 s, right nostril one puff, wait 40 s, and left nostril one puff). Drug order was counterbalanced across participants and drug assignment was randomized. The NIH Pharmacy Department prepared the medications and maintained the blind. Participants were asked to refrain from smoking cigarettes or drinking alcohol and caffeine for 12 h before scanning. Blood pressure and heart rate were measured before drug administration and after scanning.
Scanning began 45 min after drug administration to capture peak levels of the neuropeptides in the cerebrospinal fluid (Born et al, 2002) , and in accordance with previous functional magnetic resonance imaging (fMRI) studies using these neuropeptides (Labuschagne et al, 2010; Zink et al, 2011) . Using the software Presentation (Neurobehavioral Systems, Inc., San Francisco, CA), the current task was administered as part of a neuroimaging task battery. After drug administration, participants received task instructions and practice trials before scanning. The task design (Figure 1 ) was as follows. Participants were instructed to look straight ahead at the fixation cross on the screen and to press a button, using their right thumb, as quickly as possible when a black circle (the target) appeared in the center of the screen. The amount of time that the black circle remained on the screen was either 160 or 500 ms, varied across trials. Unknown to the participants, the task was designed so that in 33% of the trials, the black circle disappeared very quickly (after 160 ms), making it highly unlikely for participants to respond in time, whereas in 67% of the trials (ie, 40 trials in each run), the black circle remained on the screen for a longer time (500 ms), making it likely for participants to respond in time, confirmed behaviorally. If participants responded while the black circle was still on the screen, the investigator gave them a thumbs up (positive social feedback); if participants did not respond quickly enough (ie, after the black circle disappeared), the investigator gave them a thumbs down (negative social feedback). Participants were informed that if they pressed too quickly (ie, before the appearance of the circle on the screen) or did not respond at all, they would also automatically receive negative feedback. Feedback was given in a dynamic manner, rather than being displayed as a static picture, by presenting a video of the investigator moving from a neutral position to either thumbs up or down to add ecological validity. Importantly, when interacting with participants before and after each scanning session, the investigator's look (hairstyle, glasses, and lab uniform) and verbal exchange was fixed across participants. Participants were specifically informed that the investigator would be watching, and keeping track of, their performance from a computer in the control room. They were also told that based on these observations, after completion of the task, participants would receive a certificate from the investigator (representing a gold, silver, or bronze medal) depending on how well they did. An actual certificate was given to each subject at the end of each scanning session based on their true performance on the task.
Of note, the experimental paradigm also included monetary trials (variation of the standard Monetary Incentive Delay Task (Knutson et al, 2001) ) in which money, rather than the investigator, was used to provide feedback on task performance; the data from these monetary trials are not central to the research focus here regarding negative social feedback, however, findings from equivalent analyses performed on the monetary trials are presented in the Supplementary Information for completeness and comparison purposes. Events in the monetary trials are modeled in the current analysis as events of non-interest to statistically remove their influence on the current findings (see imaging analysis section below).
The timing was as follows: (a) the cue at the beginning of each trial to inform participants of the trial type (money or social) was presented for 1.0 s; (b) the fixation cross was displayed for a mean of 5.0 s, jittered between 4.0 and 6.0 s; (c) the black circle was presented for either 160 or 500 ms (see above) and participants were asked to respond as quickly as possible; (d) feedback was presented for 2.0 s. The duration of the task was~20 min for each participant, with 60 social trials divided into two runs.
Before drug administration and after scanning, participants completed questionnaires investigating an acute effect of oxytocin and vasopressin on mood, anger, and anxiety, including the Self-Assessment Manikin (SAM; Bradley and Lang, 1994) ; the Positive and Negative Affect Schedule (PANAS; Watson et al, 1988) ; the state portion of the StateTrait Anxiety Inventory (Spielberger et al, 1983) , and the state portion of the State-Trait Anger Expression Inventory (Spielberger, 1988) .
Imaging Acquisition and Analysis
The study was conducted on a 3 T GE Signa scanner equipped with an eight-channel receiver head coil. Head motion during scanning was minimized by placing foam Figure 1 Task design for social trials in which (a) the target is 'hit' (button press before target disappears) and positive social feedback is provided (ie, video of investigator giving thumbs up), and (b) the target is 'missed' (button press after target disappears) and negative social feedback is provided (ie, video of investigator giving thumbs down).The task was designed so that participants should get positive feedback in~2/3 of the trials (target duration up to 500 ms) and negative feedback in~1/3 of the trials (target duration up to 160 ms). The cue was presented at the beginning of each trial for 1 s. The target was presented for either 160 or 500 ms. Feedback was presented for 2.0 s.
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In each run, 340 functional volumes were acquired for each participant to measure the T2*-weighted blood oxygenation level-dependent effect (gradient-recall echo planar imaging; TR = 2000 ms; TE = 30 ms; flip angle = 90°; FOV = 240 mm; 32 slices; slice thickness 3.5 mm without gap; matrix size = 64 × 64; voxel size = 3.75 × 3.75 × 3.5 mm). Five additional scans were acquired at the beginning of each run to allow for steady-state magnetization and discarded from subsequent analyses. The fMRI data were preprocessed and analyzed using Statistical Parametric Mapping (SPM8; http://www.fil.ion.ucl.ac.uk/spm) implemented in MATLAB 7.10.0 (Mathworks Inc., Natick, MA). Images were slice-time corrected, realigned, and unwarped, normalized to the EPI template in MNI space, and spatially smoothed using a 6.0 mm full width at half maximum Gaussian kernel.
Statistical analyses were performed following a two-level procedure. At the first level, a separate general linear model was defined for each participant for each session, including the following regressors time-locked to event onset: social cue, social hit outcome (positive social feedback), and social miss outcome (negative social feedback). Regressors of noninterest were also included for the equivalent events from the monetary trials (irrelevant to the current investigation) to account for their effect. The influence of oxytocin and vasopressin on receipt of negative monetary feedback (ie, not earning money) compared with positive monetary feedback (ie, receiving money) is presented in the Supplementary Information; Supplementary Tables S2 and S3 . We separately modeled errors in which participants responded too soon (ie, on the cue or fixation), more than once, or not at all in a given trial. The event-related design was modeled using a canonical hemodynamic response function. The data were high-pass filtered (128 s cut-off) and serial correlations were accounted for by an autoregressive model of the first order. Because we were specifically interested in preferential neural responses to negative social feedback, for each participant under each drug condition, we calculated contrast images for social miss outcome ('negative social feedback') and social hit outcome ('positive social feedback') events vs baseline. We then employed a full-factorial design to compare preferential neural responses to negative social feedback (negative social feedback4positive social feedback) within and between drug conditions. Specifically, the individual contrast images from the placebo, oxytocin, and vasopressin sessions were entered into a second-level whole-brain random effects analysis to determine the brain regions involved with the preferential processing of negative social feedback in each drug condition separately, as well as the interactions to compare across drug conditions (placebo vs oxytocin, placebo vs vasopressin, and oxytocin vs vasopressin). Correction for multiple comparisons was applied to all resultant maps using a voxel-level threshold of po0.001 and a cluster level threshold of po0.05, family-wise error corrected. Beta values for negative social feedback and positive social feedback were extracted from resultant peak voxels and subjected to paired t-tests using SPSS software to further assess the influence and directionality of oxytocin and vasopressin on preferential neural responses to negative social feedback determined under placebo. Significance thresholds for these statistical analyses were set to po0.05, corrected for multiple comparisons.
RESULTS
Behavioral Results
The data on participants' task performance during each drug condition are provided in Table 1 . As expected by virtue of task design, the hit rate was~60% in all sessions. A repeatedmeasures one-way ANOVA revealed no significant main effect of drug on either hit rate (F(2,40) = 0.766, p = 0.472) or reaction time (F(2,40) = 0.356, p = 0.703). The data on participants' emotional states rating scales collected at each visit pre-and post-scanning are reported in Supplementary  Table S1 . Repeated-measures ANOVAs with within-factors 'drug' (placebo, oxytocin, and vasopressin) and 'time point' (pre-scan and post-scan) revealed a significant main effect of time point on experienced pleasure (measured with SAM scale, F(1,19) = 8.21, p = 0.010), arousal (measured with SAM scale, F(1,19) = 27.11, po0.001), and positive affect (measured with PANAS scale F(1,18) = 26.19, po0.001). Post hoc paired t-tests showed that experienced pleasure, arousal, and positive affect were all significantly lower postscan compared with pre-scan (pleasure: t(59) = 3.11, p = 0.003; arousal: t(59) = 5.07, po0.001; positive affect: t(56) = − 5.86, po0.001)). No significant main effect of drug, time point, or interaction was found for any other emotional measures (eg, dominance, negative affect, anger, and anxiety levels), p40.05.
Neuroimaging Results
The fMRI results and corresponding statistics from the contrast negative social feedback4positive social feedback under placebo, oxytocin, and vasopressin are reported in Table 2 . The whole-brain analysis under placebo revealed significant activations corresponding to a negative social feedback bias in the right anterior insula, right supplementary motor area (SMA)/pre-SMA, right fusiform/inferior temporal gyrus (ITG), and bilateral TPJ/posterior superior temporal sulcus (pSTS) (Figure 2 ). Preferential neural responses to negative social feedback were weakened by both oxytocin and vasopressin; under both oxytocin and vasopressin there were no significant activations for the contrast, negative social feedback4positive social feedback. An additional analysis of peak betas from placebo confirmed a highly significant (po0.001) preferential response to negative compared with positive social feedback under placebo, whereas the difference between negative and positive feedback beta values was not significant under oxytocin or vasopressin for any placebo peak with the exception of insula under vasopressin (albeit weaker than under placebo; Figure 2 ). Although the preferential neural responses to negative social feedback under placebo were not significant under oxytocin and vasopressin, no interaction contrasts statistically comparing between drug conditions reached significance with corrected p-values. At a more lenient threshold (p ⩽ 0.001 uncorrected, t43.0), however, Neuropeptides and negative social feedback M Gozzi et al most regions (with the exception of insula) that were significantly activated by negative compared with positive social feedback under placebo were statistically more activated under placebo than oxytocin (ie, placebo4oxyto-cin) or vasopressin (ie, placebo4vasopressin), suggesting a trend for significance for those drug × outcome interactions ( Figure 3 ; Table 3 ). Specifically, preferential responses to negative compared with positive social feedback were greater under placebo than oxytocin in left TPJ/pSTS and right fusiform/ITG, and greater to placebo than vasopressin in left TPJ/pSTS, right fusiform/ITG, and pre-SMA (a full list of brain regions is provided in Table 3 ). Activation patterns to negative compared with positive social feedback in these regions did not significantly differ between the oxytocin and vasopressin conditions, even at the uncorrected threshold. An analysis of peak beta values revealed that the differences between placebo and oxytocin/vasopressin were mostly due to a drug-induced significant decrease in activation to negative social feedback (as opposed to increase to positive social feedback; Figure 3) . Beta values for positive social feedback did not significantly differ between placebo and oxytocin or vasopressin (p40.20).
DISCUSSION
In this study, we investigated the effects of oxytocin and vasopressin on brain activity during social feedback using a newly developed paradigm. In line with evidence that negative social feedback is more salient and potent than positive social feedback in terms of cognitive and neural processing (Baumeister et al, 2001) , several brain regions were identified in which activity was preferentially associated with negative social feedback. These activations weakened with oxytocin and vasopressin administration such that Figure 3 Activations corresponding to preferential neural responses to negative social feedback (ie, negative4positive social feedback) under placebo in regions that also have an outcome (negative-positive) by drug (placebo-oxytocin or placebo-vasopressin) interaction (p ⩽ 0.001, uncorrected, t43). The preferential neural response to negative social feedback is greater under placebo than oxytocin in (a) left temporoparietal junction (TPJ)/posterior superior temporal sulcus (pSTS), and (b) right fusiform/inferior temporal gryus (ITG). The preferential neural response to negative social feedback is greater under placebo than vasopressin in (c) left TPJ/pSTS, (d) right fusiform/ITG, and (e) pre-supplementary motor area (pre-SMA). Significant activations under placebo alone are displayed in red, activations for placebo-drug comparisons are displayed in yellow (po0.005, cluster size ⩾ 25 for illustrative purposes), and where they overlap is displayed in orange. For each peak from the placebo-drug comparison, mean beta estimates (and SEM) for negative social feedback and positive social feedback are plotted separately under placebo and drug. The legend corresponds to the beta graphs. **p ⩽ 0.005; *p ⩽ 0.01; T indicates a trend for significance that does not survive correction for multiple comparisons (p = 0.016-0.05).
Neuropeptides and negative social feedback M Gozzi et al neural responses to receiving negative social feedback were not significantly greater than positive social feedback. Under placebo, exposure to negative social feedback compared with positive social feedback enhanced activity in a variety of brain regions known to be involved in social cognitive functioning. One such region, the TPJ/pSTS, has been implicated in a variety of social-specific cognitive processes, including theory of mind processes (Bahnemann et al, 2010; Saxe and Kanwisher, 2003) and cognitive empathy (Shamay-Tsoory, 2011) . The TPJ/pSTS is strongly engaged when inferring temporary states such as goals, intentions, and desires of other people (Van Overwalle, 2009) and when processing the communicative significance of other's behavior (Bahnemann et al, 2010) , particularly when determined from biological motion (as the case with the feedback videos in the current study; Carrington and Bailey, 2009) . Furthermore, TPJ/pSTS has been implicated in encoding and updating representations of other people's beliefs and feelings (Behrens et al, 2008; Cooper et al, 2014; Young and Saxe, 2008) . A study using transcranial magnetic stimulation to transiently disrupt neural activity in the TPJ found that participants judged attempted harms as less morally forbidden and more morally permissible, suggesting that the TPJ may be especially involved in the attribution of negative beliefs (Young et al, 2010) . Accordingly, we suggest that the preferential activation of the TPJ/pSTS to negative social feedback may reflect the attribution of negative beliefs and negative judgment from the investigator whom subjects were told was observing and keeping track of their performance in real time. Notably, both oxytocin and vasopressin weaken the preferential response of the TPJ/pSTS to negative social feedback, perhaps thus weakening the updated representation of negative judgment from the investigator. Interestingly, congruent with our interpretation of the TPJ/pSTS activation, a recent behavioral study found that intranasally administered oxytocin impaired updates of undesirable feedback but facilitated updates of desirable feedback (Ma et al, 2016) . The druginduced dampening of TPJ/pSTS activation in the current study is in accordance with the previous studies in men demonstrating that both oxytocin (Domes et al, 2007) and vasopressin (Zink et al, 2011) decrease TPJ reactivity during implicit processing of unfamiliar negative emotional faces. Here we extend previous findings by targeting a different negative social cognitive process, ie, negative social feedback, and demonstrate effects of both oxytocin and vasopressin.
The fusiform/ITG is another brain region more strongly activated by negative relative to positive social feedback under placebo, a response weakened by both oxytocin and vasopressin. As part of the ventral visual 'what' stream, the fusiform and ITG are specialized in the identification and recognition of visual stimuli, including faces (Haxby et al, 2001) . Consistent with the current study in which feedback was provided by dynamic facial expressions and hand gestures in a video, activation of the fusiform/ITG has been implicated in the recognition of dynamic, affective facial expressions and gestures, with a right hemisphere dominance for processing affective body expressions (Prochnow et al, 2013) . As further support for the current findings of preferential fusiform/ITG responses to negative social feedback, evidence suggests that the fusiform and ITG are more activated by dynamic faces and bodies portraying negative Figure 3 . a Brain region significantly activated for negative social feedback4positive social feedback under placebo (and not oxytocin or vasopressin).
emotion (Kret et al, 2011) and the fusiform/ITG has been associated with processing facial evocations of grief (Gundel et al, 2003) . In addition, in line with our results, a recent study using a social exclusion paradigm (ie, a virtual balltossing game called 'cyberball') found that the fusiform area was more active in the exclusion than in the inclusion trials (Cristofori et al, 2013) . The preferential response of fusiform/ITG for negative affective stimuli may represent an attentional/processing bias based on the increased emotional saliency of unpleasant compared with pleasant situations (Baumeister et al, 2001 ) that is reduced by oxytocin and vasopressin. Exposure to negative compared with positive social feedback also augmented activation in anterior insula and SMA/pre-SMA under placebo. These brain structures have been shown to be involved in physical pain processing (Craggs et al, 2007; Lamm et al, 2011; Peyron et al, 2000; Treede et al, 1999) , and our finding suggests that they may be involved in the emotional 'pain' associated with negative social evaluation as well, providing additional evidence in support of the idea that physical and emotional pain may share some of the same neurobiological substrates (Cristofori et al, 2013; Eisenberger, 2012; Eisenberger et al, 2003; Lamm et al, 2011) . The response bias towards negative social feedback in the insula, which has also been associated with other socially relevant functions, including emotion processing (Pera-Guardiola et al, 2016) and affective empathy (Tusche et al, 2016) , was not significantly reduced by oxytocin or vasopressin. Vasopressin did, however, weaken the preferential response of pre-SMA to negative social feedback. In addition to pain processing, SMA/pre-SMA has been implicated in learned fear, and activity in the SMA/pre-SMA correlates with sympathetic nervous system activity (ie, fear expression; Etkin et al, 2011) . The effect of vasopressin on SMA/pre-SMA, ie, dampening response bias to negative social feedback, suggests that vasopressin modulates the emotional pain and/or fear associated with negative social evaluations by dampening activity; future behavior and imaging studies are necessary, however, to confirm this postulate.
Interestingly, activity in some of the brain regions modulated by both oxytocin and vasopressin in the current study (ie, TPJ and fusiform) has been shown to be affected by one or both of these neuropeptides in previous human studies during implicit or explicit processing of negative socioemotional stimuli (eg, emotional face processing and negative social scenes) (Domes et al, 2007; Petrovic et al, 2008; Striepens et al, 2012; Zink et al, 2011) . The similarities between studies suggest not only that these regions have a role in negative socioemotional processing across contexts but that they also appear to be influenced by oxytocin and vasopressin. The directionality of influence (augment or dampen neural responses) is also consistent with many previous studies showing dampened neural responses (Domes et al, 2007; Petrovic et al, 2008; Zink et al, 2011) . It should be noted, however, that some previously reported data reveal a neuropeptide-driven augmentation of neural activity (Rilling et al, 2012; Striepens et al, 2012) . Regardless, it is clear that oxytocin and vasopressin do not generally change neural activity in one particular direction, but rather have specific context-dependent effects on activation in regions of interest. In support of context-dependent effects, the neural activity profile for monetary feedback was more extensive, particularly in frontal cortical areas, than social feedback under placebo, and whereas oxytocin diminished the preferential response to negative monetary feedback in these regions, vasopressin did not (Supplementary Tables S2  and S3) .
In this study, we used a within-subjects design, thus reducing error variance associated with individual differences. One potential disadvantage of the within-subjects design could be the presence of carry-over effects (eg, participants may improve task performance from the first to the last visit because of practice, regardless of drug condition); however, we can rule out this possibility because (a) drug order was counterbalanced; (b) we scheduled the visits at least 1 week apart to minimize carry-over effects; and (c) we examined potential carry-over effects and did not find significant differences in task performance between visits.
There are several limitations of the current study that should be addressed in future studies. The exact mechanism by which oxytocin and vasopressin alter brain activity during negative social feedback remains unknown. It is unclear from the current study whether these neuropeptides are acting directly on receptors in the influenced brain regions or via indirect pathways. Furthermore, although the event-related design of our paradigm is advantageous to isolate neural activity to unexpected negative social feedback, it limits our ability to identify behavioral or emotional reactions to negative social feedback that mirror our imaging findings because these reactions were not measured on a trial-by-trial basis during the task. A lack of correlation between oxytocin/ vasopressin-related imaging and behavioral findings is not uncommon (either because not significant or behavioral correlate was not measured; Chen et al, 2016; Feng et al, 2015b; Kanat et al, 2015; Shin et al, 2015; Wittfoth-Schardt et al, 2012) ; however, it is important for future work to determine the influence of oxytocin and vasopressin on behavioral and emotional reactions to negative social feedback using paradigms specifically designed to do so. It should be noted that the lack of a measurable drug influence on emotion inventories measured pre-and post-session in the current study is consistent with many previous studies of oxytocin and vasopressin administration in men using similar doses despite drug-related changes in neural activity (Kirsch et al, 2005; Labuschagne et al, 2010; Zink et al, 2011) . Also, oxytocin and vasopressin did not affect reaction time or accuracy in the current paradigm, which is important to ensure that the consequences of the drugs on fMRI signals were not secondary to task-performance differences. An additional important caveat is that the participants were all males, and therefore we cannot determine whether our findings may be generalized to women in the current study. Because of known behavioral and neural gender effects (Feng et al, 2015a; Thompson et al, 2006) , the majority of previous studies have examined the effects of oxytocin and vasopressin in males only (Domes et al, 2007; Kirsch et al, 2005; Rilling et al, 2012; Zink et al, 2011; Zink et al, 2010) , and a few studies have included females only (Domes et al, 2010; Groppe et al, 2013) . It will be important to study the effects in females before assuming the current findings are universal across gender. Moreover, to increase the salience/validity of the social evaluation, the feedback was provided by an actual study investigator with whom each participant interacted in a manner consistent across participants. In the current study, we do not have evidence to support a gender-bias effect, but because this investigator was female and participants were males, the possibility remained that culturally induced gender biases influenced the current findings. As such, the potential importance of investigator gender could be evaluated in a subsequent study. Also, as noted in the method section, the paradigm also included monetary (as opposed to social) feedback trials of non-interest for the current investigation. Although modeling monetary trials events in the analysis should have accounted for their potential influence analysis-wise, the inclusion of monetary trials may have evoked an unintentional context-related cognitive influence on the social events of interest, which could be teased out in future studies. Finally, although the interaction contrasts statistically comparing between drug conditions revealed interesting and potentially important trends (uncorrected for multiple comparisons within imaging space), they did not reach significance with corrected thresholds in imaging space; therefore, replication, ideally in a larger sample, would be necessary before inferring clinical applications.
In conclusion, to our knowledge, this is the first neuroimaging study examining the effects of oxytocin and vasopressin on preferential negative social evaluation-related brain activity. We found that both neuropeptides affected activation patterns by weakening response biases towards negative social feedback. Our results provide a potential neural basis for the influence of oxytocin and vasopressin on negative social feedback and suggest that both neuropeptides may be relevant for the development and treatment of disorders that involve social dysfunction such as SAD and ASD.
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